Recent studies have implicated multipotential mesenchymal stem cells (MSCs) as an aid to breast cancer cell proliferation and metastasis, partly as a result of the MSCs secretome. As the tumor gets beyond 2 mm in diameter, the stromal cells could undergo starvation due to the lack of sufficient nutrients in solid tumor microenvironment. In this study, we investigated the survival mechanisms used by stressed stromal cells in breast cancers. We used serum-deprived mesenchymal stem cells (SD-MSCs) and MCF-7 breast cancer cells as model system with a hypothesis that stromal cells in the nutrient-deprived core utilize survival mechanisms for supporting surrounding cells. We tested this hypothesis using in vivo tumor xenografts in immunodeficient mice, which indicated that SD-MSCs supported MCF-7 tumor growth by protection from apoptosis. Histochemical assays showed that SD-MSCs-injected tumors exhibited higher cellularity, decreased apoptosis and decreased differentiation. Beclin-1 staining indicated autophagic areas surrounded by actively proliferating cells. Furthermore, in vitro studies demonstrate that SD-MSCs survive using autophagy and secrete paracrine factors that support tumor cells following nutrient/serum deprivation. Western blot and immunocytochemistry analysis of SD-MSCs demonstrated upregulation and perinuclear relocation of autophagy key regulators such as beclin-1, ATG10, ATG12, MAP-LC3 and lysosomes. Electron microscopic analysis detected a time-dependent increase in autophagosome formation and HDAC6 activity assays indicated the upregulation of autophagy. Taken together, these data suggest that under nutrient-deprived conditions that can occur in solid tumors, stromal cells utilize autophagy for survival and also secrete anti-apoptotic factors that can facilitate solid tumor survival and growth.
Introduction
Breast cancer remains as the leading form of carcinoma affecting women. Current knowledge regarding the biology of breast cancer stroma indicates that mesenchymal stem cells (MSCs) provide the supportive stroma for tumors either by homing to tumor or by surrounding the tumors without infiltration, suggesting that the effect MSCs have on tumor growth kinetics could be a result of stromal factors and paracrine signaling (1). Karnoub et al. (2) proposed that the metastatic traits of breast cancer cells are acquired through exposure of the epithelial cells to mesenchymal cells in the tumorassociated stroma. Both extracellular matrix and growth factors are important regulators of stromal-tumor cell interactions in mammary tumor progression (3) (4) (5) (6) . Specifically, the role of MSCs in providing survival advantage and drug resistance to various hematological tumors has been described (7) (8) (9) . However, there is a significant gap in our understanding of the survival mechanisms used by stromal cells under stressful conditions normally observed within solid tumors, such as hypoxia or nutrient deprivation.
Autophagy is a highly conserved catabolic program that has been shown to act as both a pro-survival or pro-death mechanism in different physiological and pathological conditions (10) (11) (12) . Autophagy is an essential component of growth regulation and maintenance of homeostasis in multicellular organisms in which degradation of organelles and proteins provides macromolecules needed for cell survival (13) . Most primary cells resort to this pathway for short-term survival during brief periods of serum/nutrient deprivation followed by full recovery when nutrients are replaced. Prolonged serum/nutrient deprivation, however, induces apoptosis in these primary cells (14) (15) (16) .
In this study, we report for the first time that the stromal cell property of MSCs in breast cancers is associated with upregulation of autophagy. Xenograft studies using MCF-7 cells and serumdeprived mesenchymal stem cells (SD-MSCs) indicated that tumors with SD-MSCs were less differentiated. Interestingly, in vitro studies replicating the nutrient-deprived conditions of solid tumor showed that MSCs cultured in serum-free medium survive prolonged serum deprivation. Our data suggest that SD-MSCs utilize autophagy to recycle macromolecules and synthesize anti-apoptotic factors for facilitating the survival and growth of surrounding tumor cells.
Methods and materials
In vivo assays Orthotopic (mammary fat pad) injections were done on 15 8-week-old female Fox Chase SCID Beige mice (CB17.Cg-Prkdc SCID Lyst bg /crl strain; Charles River Laboratories, Wilmington, MA), with two injections per mouse (10 injections per group total). We used the MCF-7 breast cancer cell line and two different male donors for MSCs. These cells were mixed and co-injected at a ratio of 2 million MCF-7 cells to 1 million MSCs or SD-MSCs (2:1 ratio) according to previously optimized condition for high tumor implantation rate (17) in 100 ll of Hanks Balanced Salt Solution; Invitrogen, Carlsbad, CA) with 50 ll of growth factor reduced basement membrane Matrigel matrix or Cultrex basement membrane (BD Biosciences, San Jose, CA). Tumors were collected after 15 days for histological studies.
Cell culture
Frozen vials of characterized human MSCs at passages two to four were obtained from the Adult Stem Cell Core of the Louisiana Cancer Research Consortium (http://www.lcrc.info/research/stemCell.html). The serumdeprived MSCs were obtained as described previously (18) . Briefly, cells were cultured until they reached 80% confluency, washed three times with phosphate-buffered saline (PBS) and then cultured without fetal bovine serum (FBS). Serum-deprived conditioned media was obtained by collection and 0.22 lm filtration of the supernatant media from serum-deprived MSCs cells. MCF-7 and KHOS cell lines were obtained from ATCC, Manassas, VA. Both cancer cell lines were maintained in culture with Dulbecco's modified essential medium (Gibco BRL), 10% FBS; Atlanta Biologicals, Lawrenceville, GA), 100 U/ml penicillin, 100 lg/ml streptomycin.
Transwell assay
MSCs were plated in inserts of Transwell Permeable Support 0.4 lm pore size (Corning, Lowell, MA) (10 5 cells per insert) and MCF-7 breast cancer cells were plated in 12-well Transwell plate (10 5 cells per well). After 6 h, some inserts were switched to serum-deprived media for 16 h. Then, MCF-7 were placed in serum-free media and incubated 24 h with inserts containing MSCs or SD-MSCs. Total MCF-7 cells DNA content was evaluated using Cyquant assay (Invitrogen, Carlsbad, CA) as described previously (18) .
Abbreviations: FBS, fetal bovine serum; MMP, matrix metalloproteinase; MSC, mesenchymal stem cell; PBS, phosphate-buffered saline; SD-MSC, serum-deprived mesenchymal stem cell; TGF, transforming growth factor. 
Immunohistochemistry
Tumor paraffin sections were deparaffinized, rehydrated and permeabilized 10 min in PBS containing 0.25% Triton X-100. Sections were blocked overnight at 4°C in PBS containing 10% goat serum, 1% bovine serum albumin, 0.05% Tween-20 and then incubated overnight with a mouse monoclonal Beclin-1 antibody (1:50, #AM1818a; Abgent, San Diego, CA) in PBS with 1% bovine serum albumin. The next day, sections were washed and incubated 1 h with a goat anti-mouse AlexaFluor 488 antibody (1:250; Invitrogen). After washes, sections were mounted with Supermount (BioGenex, Fremont, CA) containing 0.5 lg/ml Hoechst 33342 (Invitrogen). Alkaline comet assay MCF-7 breast carcinoma cells were cultured at 500 cells/cm 2 in Dulbecco's modified essential medium supplemented with 10% FBS. Plates at 75% confluency were treated with 200 lM H 2 O 2 for 18 h in the presence of 50% SD-MSCs conditional medium or alpha-Minimum Essential Medium (control). After 18 h treatment, the medium was changed to Dulbecco's modified essential medium 10% FBS for 4 h. The alkaline comet assay was performed as described previously (18) .
Chick embryo survival assay Fertilized day 0 eggs were obtained from Charles River Laboratories and left at room temperature for 2 days, which drops survival of embryos to $50%. We injected 200 ll of SD-MSCs conditional medium, or alpha-Minimum Essential Medium as control media, to the eggs. The embryos were harvested at 9 days for viability and classified as fully developed or undeveloped.
Electron microscopy Cells grown in 25 cm 2 flasks were fixed in a solution of 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer pH 7.4 for 1 h at room temperature. Then, samples were washed three times for 5 min in 0.1 M sodium cacodylate buffer and sent to the Electron Microscopy Core Facility of the Department of Cell Biology at the Yale University School of Medicine (New Haven, CT).
Western blotting
Proteins were extracted and fractionated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis as described previously (19) . Dilution and provider of primary antibodies used were as follows: ATG12 (1:100, #AM1816a; Abgent), ATG10 (1:100, #AP1815a; Abgent), RGS19 (1:100, #AP1820a; Abgent), MAP-LC3 (1:100, #sc28266; Santa Cruz Biotechnology, Santa Cruz, CA) and b-actin (1:1000, #ab20272; Abcam, Cambridge, MA).
Autophagy inhibitors assay
MSCs were placed in serum deprived condition and treated 24 h with 100 lM chloroquine or with 100 nM bafilomycin A1 (Sigma-Aldrich, Saint Louis, MO). Cells were both trypsinized for counting and lysed to evaluate DNA content by Cyquant assay (Invitrogen).
Beclin-1 shRNA transfection Human MSCs (5 Â 10 4 cells) were transfected using 2 lg of pLKO.1 lentivirus vector containing the hairpin sequence or with the vector alone in 100 ll of buffer provided by the Human MSC Nucleofector kit and using NucleofectorÒ II device (Lonza, Basel, Switzerland). After 48 h, transfected cells were selected with puromycin (0.5 lg/ml; Sigma-Aldrich) during 8 days. Selected cells were subcultured and grown until 80% confluency before starting serum deprivation. After 5 days of starvation, cells were harvested and lysed and analyzed for total protein per dish using BCA assay (Thermo Fisher Scientific, Rockford, IL). Among five different hairpin sequences tested, we selected the clone ID TRCN0000033552 (Open Biosystems, Huntsville, AL), which give the strongest beclin-1 downregulation.
Immunocytochemistry
MSCs and SD-MSCs were grown on coverslips at densities between 200-500 cells/cm 2 for a period of 20 days. Briefly, cells were fixed with 4% paraformaldehyde and permeabilized with 0.2% Triton in PBS for 10 min. Slides were then incubated for 1 h in Tris-buffered saline (0.05% Tween-20 in PBS) with 1% bovine serum albumin as a blocking solution, 2 h with primary antibodies, followed by incubation for 1 h at room temperature with fluorescein isothiocyanate secondary antibodies (1:500) or Alexa Fluor-conjugated secondary antibodies (1:200; Invitrogen), unless otherwise noted. Coverslips were mounted in Vectashield mounting medium with 4#,6-diamidino-2-phenylindole (Vector laboratories, Burlingame, CA) and observed by a fluorescence microscope. Dilution and origin of primary antibodies used in this study were as follows: rabbit monoclonal anti-beclin-1 (1:100, #ab51031; Abcam); mouse monoclonal anti-acetylated a-tubulin (1:100, # ab24610; Abcam); rabbit polyclonal anti-HDAC6 (1:250, #H2287; Sigma-Aldrich) and rabbit polyclonal anti-ATG12 (1:200, #AP1816a; Abgent).
Motility assay
MSCs and SD-MSCs were incubated with 5 lM CellTracker TM Green CMFDA (5-chloromethylfluorescein diacetate Celltracker (Invitrogen) for 45 min, washed and replated in a 24-well HTS FluoroBlok plate insert system, 8.0 lm pore size (BD Biosciences), in serum-free media in the presence or absence of 20 lM Tubacin. Cell motility was measured as described previously (20) .
Results

Stromal support of MSCs in large MCF-7 tumors is associated with upregulation of autophagy
Recent studies have established that MSCs provide sufficient stromal support for tumor cells (21) . To determine whether MSC-secreted growth factors would enhance the proliferation and survival of breast cancer cells, we injected MCF-7 cells alone or with MSCs in Matrigel into mammary fat pads of immunodeficient SCID-beige mice. Serumdeprived MSCs were included as surrogate model cells to test the hypothesis that MSCs survive the transient nutrient deprivation associated with large tumors and secrete growth factors. Previous experiments to optimize the MCF-7:MSC tumor model indicated that a ratio of 2:1 had close to 90% tumor implantation rate (17) . Therefore, we chose to use an established model to test the concept of role of autophagy in stromal support. Hematoxylin-eosin sections of the tumors indicated higher cellularity in both MSCs and SD-MSC coinjected tumors (compare with MCF-7 control group) but with no significant difference between MSCs and SD-MSCs groups ( Figure  1A) . However, the tumors generated from SD-MSCs co-injected group had decreased ductal formation compared with the MSC co-injected or control groups ( Figure 1A and B) .
MCF-7 cells placed in serum-deprived conditions show a significant decrease in cell viability (by 60 ± 1%, P , 0.001, n 5 3), but in vitro co-culture assays demonstrated that MSC or SD-MSCs helped to maintain survival of MCF-7 cells (by 83 ± 3% and 95 ± 1%, respectively) under serum-deprived conditions. These data support our in vivo observations suggesting that SD-MSCs have better stromal supportive properties than MSCs ( Figure 1C ), supporting our hypothesis that MSCs retain the stromal supportive properties under nutrient-deprived conditions. In addition, previously published data on secretion of stromal supportive factors during hypoxia further support our hypothesis (20, 22) . Next, we sought to identify the mechanism underlying the survival of these MSCs in the presumably nutrient-deprived core of the tumor. TUNEL staining showed a significant decrease of apoptotic nuclei in tumors from the group of MCF-7 cells with SD-MSCs compared with tumors from MCF-7 with MSCs (1.8 ± 0.6 versus 5.7 ± 0.7, P , 0.001, n 5 6) ( Figure 2A ). However, immunohistochemical detection assays for autophagic cells showed that similar sized tumors from both SD-MSC and MSC co-injections demonstrated characteristic expression of the autophagy marker, beclin-1, bordering the proliferating Autophagic MSCs secrete survival factors cells on one side and necrotic cells on the other side ( Figure 2B ). These data confirm previously published observations regarding the presence of autophagic cells in breast tumors (23, 24) . Fluorescent in situ hybridization assays for detection of the Y chromosome were performed 2 weeks later confirmed the continued presence of human MSCs in the tumors (supplementary Figure S1 is available at Carcinogenesis Online).
SD-MSCs release anti-apoptotic or pro-survival factors during serum deprivation It was important to determine whether the novel stromal supportive properties that we had observed were limited only to MSCs as a physiological adaptation with in vivo consequences. Previously, we had demonstrated, using cytokine blots, that conditioned medium from SD-MSCs expressed secreted growth factors and anti-apoptotic factors (19) . Notable pleiotropic factors involved in growth, apoptosis and tumor growth identified in the conditioned medium were insulinlike growth factor 1, insulin-like growth factor 2, transforming growth factor (TGF) b and IGFBP-2 (19) . Therefore, we sought to test the role of these secreted factors in both in vitro and in vivo models. We tested for the anti-apoptotic factors secreted by SD-MSCs using two different cell lines, an epithelial cancer (MCF-7) and a mesenchymal cancer (KHOS). First, the KHOS osteosarcoma cell line was treated with apoptosis inducer, staurosporin, either in the presence or absence of conditioned media from SD-MSCs. As shown in Figure 3A , SDMSCs-conditioned media decreased caspase activation and apoptosis in the KHOS cells (left panel). A second approach to test for antiapoptotic factors released by SD-MSCs used MCF-7 breast cancer cells and KHOS. Cells were treated with hydrogen peroxide (H 2 O 2 ) to induce DNA damage either in the presence of conditioned media from SD-MSCs or control medium for 24 h. DNA damage was detected using the COMET assay (25) and the tail length ( Figure 3A , right panel) was quantified in 70 comets for each group. As indicated in Figure 3B , the presence of conditioned medium from SD-MSCs resulted in significant decrease in DNA damage. To determine whether TGFb secreted by SD-MSCs played a role in the anti-apoptotic properties of SD-MSCs-conditioned media, we performed a similar apoptosis assay using conditioned media that had been immunodepleted for TGFb. The data show that depletion of TGFb decreased the protective effect of conditioned media on apoptosis ( Figure 3C ).
The preceding in vitro models demonstrated that conditioned medium from SD-MSCs protected against apoptotic insults in an unrelated cell type. Next, we tested whether conditioned medium could protect against apoptosis in an in vivo model using a developing chick embryo. Delaying the start of incubation by incubating fertilized eggs at (the non-permissive) room temperature can reduce the survival of embryos by $50%. However, injecting these eggs with 200 ll of SD-MSC-conditioned medium increased their survival rates from 50 to 80% at the non-permissive temperature ( Figure 3D ).
Autophagosomes are formed during serum deprivation of MSCs
Previous studies from our laboratory have uncovered a unique survival property of MSCs in response to serum deprivation (18) . Identifying the molecular pathways that regulate the survival mechanisms will be critical in understanding the stromal properties of these cells. As a first step, we performed gene expression and 2D proteomic assays on SD-MSCs compared with MSCs that were cultured in complete serum for 48 h to understand the transcriptome and proteome of MSCs during serum deprivation (supplementary Figure S2 is available at Carcinogenesis Online). In the gene expression microarrays, hierarchical clustering of the genes by their patterns of expression indicated an upregulation of autophagy-related genes (supplementary Table S1 and Figure S2 are available at Carcinogenesis Online). Time course electron microscopic analysis to determine autophagosome formation by MSCs during serum deprivation showed the presence of characteristic double membrane organelles ( Figure 4A ). To measure autophagosomes formation, the ratio of autophagosome volume to cellular volume was determined and compared with normal MSCs (day 0). As shown in the graph, in the lower right panel of Figure  4A , the number of autophagosomes increased with time of incubation in serum-deprived medium.
Both protein and messenger RNA expression profiles detected upregulated proteins involved in various steps of autophagolysosome formation. We examined the expression of Beclin-1, ATG10, ATG12 and MAP-LC3 by both immunohistochemistry and western blotting. As shown in Figure 4B , autophagy markers are upregulated in SD-MSCs compared with control MSCs. In addition, we observed that the autophagy-related markers were relocalized to perinuclear areas (supplementary Figure S3 is available at Carcinogenesis Online).
Autophagy is essential for MSC survival during serum deprivation Next, logical step to address the role of autophagy in the stromal support of MSCs is to test the effect of autophagy knock down on the survival of SD-MSCs. Exposure of SD-MSCs to chloroquine (100 mM) and bafilomycin-A1 (100 nM), known pharmacological autophagy inhibitors (26, 27) , led to 4-fold decrease in cell survival ( Figure  5A ). To further confirm the role of autophagy in SD-MSC survival, MSCs were transducted with lentiviral shRNA to beclin-1. Western blot assays showed decreased beclin-1 levels in MSCs following shRNA transduction as compared with control vector ( Figure 5B ). The stable transfectants were cultured in serum-free medium showed a significant decrease in survival of MSCs that expressed shRNA to beclin-1 (66% versus 48% in control cells, P , 0.001) ( Figure 5C ).
Serum deprivation induces HDAC6 activity and increases motility in MSCs
Unlike the other histone deacetylases, HDAC6 activity can be detected in the cytoplasm and results in deacetylation of a-tubulin necessary for dynein motor complex migration. Recent evidence shows that HDAC6, a ubiquitin-binding deacetylase, is a central player in autophagy, targeting protein aggregates and damaged mitochondria by controlling the fusion of autophagosomes to lysosomes (28) . HDAC6 recruits actin-remodeling machinery that stimulates autophagosome-lysosome fusion and substrate degradation (29) . A decrease in acetylated a -tubulin was observed in proteomic assays of SD-MSCs (supplementary Figure S2 is available at Carcinogenesis Online). This was further confirmed by immunocytochemical assays that demonstrated a perinuclear colocalization of HDAC6 with acetylated a-tubulin coupled to a decrease in acetylated a-tubulin expression ( Figure 6A and B) . Furthermore, immunocytochemistry showed perinuclear colocalization of HDAC6 and mitochondria in SD-MSCs. Thus, unlike in MSCs, where mitochondria are not colocalized with HDAC6 and acetylated a-tubulin is expressed evenly on the cell membrane ( Figure 6A ), the data presented here suggest that the components of autophagy are relocalized to perinuclear locations in SD-MSCs.
Decrease in acetylated a-tubulin is also associated with increased cell motility (30) (31) (32) . To demonstrate the functional activation of HDAC6 in response to autophagy induction in SD-MSCs, we performed migration assays for SD-MSCs and MSCs in the presence of specific HDAC6 inhibitor, Tubacin. First, we observed that SDMSCs showed a 3-fold increase in the migration capacity compared with MSCs ( Figure 6C) . Second, addition of Tubacin significantly decreased the migration ability of SD-MSCs but not MSCs suggesting a role for HDAC6 activity on SD-MSCs mobility ( Figure 6C) . Next, Autophagic MSCs secrete survival factors we determined whether upregulation of HDAC6 activity was associated with increased cell mobility that coupled with increased matrix metalloproteinase (MMP) activity in MSCs. We tested the MMP expression and activity in SD-MSCs as compared with MSCs; both microarray assays, MMP activity assays showed a decrease in the MMP activity in SD-MSC suggesting that the HDAC6 activity is linked to the autophagosome formation rather than increased cell motility (supplementary Figure S4 is available at Carcinogenesis Online).
Taken together, these data suggest that the stromal cells of breast cancers secrete survival factors to support the tumor progression. In addition, these cells survive in the nutrient-deprived core by utilizing autophagic recycling mechanisms. These data further suggest that the pro-survival properties of SD-MSCs in response to serum deprivation were not just limited to the MSCs but that the release of survival factors could protect adjacent unrelated cells from apoptosis as demonstrated by the chicken embryo experiment and the preceding in vitro cell culture experiments.
Discussion
The present study combined with our previous publications (20, 22) has implications for poorly vascularized epithelial solid tumors that harbor regions in which both the transformed epithelial cells and surrounding stromal cells are nutrient deprived. A large body of evidence exists suggesting that epithelial cells in breast, prostate and ovarian tumors resort to autophagy or self-catabolism to survive during periods of serum/nutrient deprivation and to prevent necrosis (33) (34) (35) . This is the first study to address the role of autophagy in the stromal component of a tumor. Interestingly, ) either in the presence of control medium, serum-deprived conditioned medium or serum-deprived conditioned medium immunodepleted for TGF-b. The surviving cells were quantified by a Cyquant DNA quantification method ( Ã P , 0.05 compare with control 100%; ÃÃ P , 0.01 compare with conditioned 50% without anti-TGFb, n 5 3) (D) Day 2 chick embryos were either injected with both control medium or conditioned medium from SD-MSCs and embryo survival was determined at day 9 ( Ã P , 0.01 compare with control).
autophagy in stromal cells occurs concomitantly with secretion of survival and supportive factors that inhibit apoptosis in the cancer cells (34, 36) . Our laboratory had previously shown that subjecting early passage MSCs to serum deprivation for 2-4 weeks selects for a distinct subpopulation of cells; the SD-MSCs are remarkable in that they survive complete serum deprivation for prolonged periods of time, have longer telomeres and enhanced expression of genes that are expressed primarily in early progenitor cells (18) . The results described herein demonstrate that SD-MSCs exhibit stromal cell properties including (i) survival under adverse conditions of nutrient deprivation in the core of the solid tumor (ii) secretion of survival/wound healing factors for self-support and for the support of surrounding cells and (iii) reduced MMP activity to decrease transmigration of stromal cells.
SD-MSCs expressed several proteins that were not expressed by control MSCs cultured in complete medium containing serum. This observation is particularly intriguing in light of the fact that these proteins were synthesized de novo during serum deprivation.
To our knowledge, this is the first attempt to decipher molecular mechanisms behind the stromal properties of MSCs under serumdeprived conditions. The data obtained here corroborates previously published observations both from our laboratory and others in hypoxia model, another important consideration for stromal cell survival (20) (21) (22) . The in vivo tumor data from Figures 1 and 2 indicate that SD-MSCs have a general effect on supporting the survival of surrounding cells. SDMSCs are a subpopulation of the MSCs that survive serum deprivation therefore the data corroborates our hypothesis that the SD-MSCs represent the cell population that provides stromal supportive functions. Apparent differences in cellularity of the tumor and neo-angiogenesis explain the role of autophagy in the serum/nutrient-deprived stromal compartment of the tumors. Autophagy has been shown to play a role in solid tumors both as tumor promoting and inhibiting. Though these data Autophagic MSCs secrete survival factors indicate higher levels of autophagy in tumors co-injected with SD-MSCs, the possibility of tumor cells undergoing autophagy cannot be ruled out. Recent evidence indicates that, at least in cells with intact apoptotic machinery, autophagy is primarily a pro-survival and not a pro-death process (37) . Presumably, autophagic recycling of macromolecules is linked to the capacity of SD-MSCs to sustain life during prolonged starvation.
The data presented here are the first demonstration of autophagosome formation in MSCs under conditions that mimic serum/ nutrient deprivation during disease processes such as ischemia, infection and the central serum/nutrient-and oxygen-deprived regions of large solid tumors. Our published (18) and current data have uncovered a potentially novel and unique survival mechanism for MSCs during prolonged serum deprivation: autophagic metabolism to provide needed nutrients for long-term survival and for directed secretion of survival factors that aid in both survival of MSCs and the cells around them. The data obtained using serumdeprived media is specific to the MSC phenotype without interference from the serum in normal growth media. Taken together, these studies are an important advancement in understanding the survival properties of MSCs, autophagy as a survival mechanism for MSCs and as a stromal support for cancer cells.
Supplementary material
Supplementary Methods and Figures S1-S4 can be found at http:// carcin.oxfordjournals.org/ C.G.Sanchez et al.
